
test crosses of plants 6452-3, 6453-3, and 6453-9 devrkeated veq much 

from1 : 1 aW with plant 6453-9, marked differences in ratio of these 

two phenotypes were e,x-orcssed on ears produced & dii'fe-ent payts of this 

plant. Nevertheless, it was clear that some chrozosoxal comr.onent, 

present in the a1 m-l _ carrying plantsland not linked to this locus, was 

&!&.I%& segregated at meiosis and that the e;r*>ression of $%.niform_l.:r pale 

class of kernels and &J clQass showing deep1 
7 

pigmented spots in a colorless 

backgrotid was rel:'ted to the presence or the absence of this component. 

a@ 
Since in the grandparent (5719A-l), in the two a1 m-1 '*b 

,parent plants, and in 

JJAddd 
4 

all plants of cultures 6452 and 6453, variegation was w, it seemed 

evident that the presence of this component in the chromosome com-plement 

thPw+ 
- - W&&J.lf 

w&--3 @  
19-f& t&G- 
4 fuLua@Jw 

was related to variegation4andhits absenceAm the ap-oc;:-.rance of the pale 
/i 

phenotype. 

As stated earlier, none of the kernels on the %Bg ears 

derived from test crosses with the al m-l' V 
plants grown in the summ r of 

1951 h.z.d been examined carefully up to this time. Iilrnen it was -;>ealized 

that the ratio of kernel types ap;-;earing on the eazjs of plants en-ter=ed in 

Madehdww-t, . . 
table 3 .Sd 

COihfQN~ 
segregation of an indenendently located element i&&&-e 

A , . 
cbi J-LCUB -/q-y,n n .C *. ' ,- -vv . r, the kernels 

on ears produced by test crosses of Tlants in the pa:ent culture-', 6049&& 



hl.ud!hw 
@C were then examined. Ifore direct evidence of the presence of m element 

Q&l ---' ._ c 
-A 

. . -&I __. --- 
wasAobt?ined,M(:-s found to be l'nked,in some plants' & 

~rnfJqdh+$ 
-. . . _ ._ / lfll 

marker, y, in chro-:::ozone 6 (Y, yello. w alhtirch in endospe-m; y, recessive 
A 

‘_ :> b&-/-t 
allele, white starch in endoscerm). ' 

La 
T'he plants in -G&G3 cv.ltu::eI were 

4 
44) --G 

derived from kernels on m ear produced by the cross of %+-.~-a& homozygous 
P 

'blant 5'719A-1, which was 
.' 

a1 m-1 Sh2/al sh2, Y/y) md 

Some'tiernels irr;" variegated>- on this ear w+& sown in t'ne 

summer of 1951 under A of culture 6047. Others th::t were v riegatedm 

A WXFLW sown &der B and C of culture 6047. &L.&U-, variegated ke?.nels . ? .&9f~i&9~ _* &>Y 
,- thct we::e Y41m celected Prom tne eclr produced b- se&pollination of nl:lnt 
5 '.--I -a (A, tc,ble 2) 

-. P, 5719A-l/and Z$ o;in under B and C of culture 6046. All plants in cultures 

6046 and 6047 received some tqTpe of tea by means of crosses to -lan-ls of 

')?a w&!lJAci tiy@g~~a 
known constitutionjlda by self-pollination, or be+&, &Vi The k-:;nel Q+HXZ, on 

-.b 

I-- homoz;?gcus for 
$ e2rs obtained by crosses of these plants to plants that we:-.e/al, sh2 and y 

1,: en 
r:- 1 are given in table 1~. All plants/in t tered in column 1 

this table were alm'l Sh2/al Sh2. . 

Those in part I were Y/y whereas those in Part II were y/y, 

In Part I of table 4, a ratio of 1 p&T&e to 1 variegated kernel. 

among those showing ??igment P on errs 

produced from crosses cond-tlcted with plants 6046B-1 and &$7A-3, 



Linkage of the pale phenotype with Y and the variegated phenot:rpe with y 

is cle::rly expressed by the test with plant 6046B-1, In plant 60478.3, 

these link-ge relations were reversed; the pale phenotype was linked with y 

and the variegated phenot-.pe with Y. The ratio of kernel types obtained 

from tests of the other plants in Part I of table 4 indicated that each 

carried more than one 
controlling 7 . CLC, t/elementtiin $-ho a-, -cl .L -. .I 

In plants 6046B-3 and 60&6C-2, In 

e?&%e& but in plant 6047A-1, no evidence 

A~ The/Elants in Pal?t II of table 4 were all y/y in constitution and 
wris, tfY& ~r~&&L & ?AQ&M&Pb 

thus no linkage relationships/could be shown by them, ijevertheless, the 

evidence suggested the presence of more than one indenendently located 

G 
controlling element in all plants encept 6047C03, fThe plants in culture 

6452 (table 3) originated from the y class 
a‘?ti a\ 

Of variegated kernels produced 
4 

by the cross of plant 6047A-3 en&&red in table 4. According to th;C[e 

'this plant had only QVe independent controlling 

element and it was located in the 'x cr-:rrying chro:?osome. Theplants in 

culture 6453 originated from the scariegated class of kernels produced :'rom 
J-f-' 

the test cross of plant 60,!+7C-4, table 4. The ratio of kernel t:ipes 

Ow ear suggested the presence in this plant of tbro 

WV'controliing elements, 
A ?r.a+~w c& 

each & ~c different location in 
4 



the chromosome complement, Selection 0C the y W L variegatt,d kernels 

w-s 
was made in order that the color of the anthocyanin pigment in the aleurone 

layer in kernels on ears of-81ants derived from them would be ex ressed on a 

white rather than a deep-yellow background. As stated earlier, the only 

pur:ose of thistest had been to determine crossing over between a1 m-1 and 

Sh2. 

From the ratio of kernel types given in table 4, and from those obtained 

from self-pollinntlon and from the test cross of plant 5'j'19A-lK(A and C of 

table , 9 it would apulear that plant 5'719A-1 had more than one VJy 

AQYi~tc CL, 
1 controlling element,- &e of them occuppfed a position in 

% 

its y bearing c?vomosome 6, 

($1 cwuk.huuLg (ldtbQ$ 
4Zhe plants in cluture 64524 table j) arose from variegated kcnels on 

&A&/ %cm r?,f:,Q h-d d&&lb c ,& [&L&d * $Li$ 
the ear of plant 60471-j C& "Chew > .': _ -A+--&. 

.& (yL .\lrr,& io14 5% r l;iwt LL 
plants would be expected to have only one d controlling n 

mue$ ! 9 vz 
elenent. T ;is apTe:sred to be !;rue for all plants except plant 3. The 

t z d 
plants in culture 6&53, table 3, arose from variegated kernels on the ear 

produced by plant 6OL+.'j'C-j! . 
- AA^ww\mMhti / ._ 

!T Theplants in culture 645'3 would~$he?efore be expected to have either one or 
'_ 

&JJ,.Q.R- . two c3tGHTz i.ll~ controlling element" 
awMa 

As4table 3 ’ l 

b 

-’ 9 

1 seven of the nine plants in this culture had one such element 



b& the remaining j?, plant 3 and plant 9, h:d more than one,sm 
It A 

azM>he ratio of kernel types on ears produced by different parts of plant 9 

suggested that the number of this element was not the same in all'part.eP 

Q&&a& It was suspected from this that the 

element could undergo transposition in somatic cells and that this wzs 

Q&n 
4 

jQw-Qtl . responsible for the observed rka.ud r~u '1 . 
4 

d-6 . 3. Initial evidence w the prim-.ry mode of operation 

of the independently located controlling element in 

The mode of control of al m-l actiion induced by the independently 

located element of the system, whose discovery was outlined above, was not 

appreciated until the results of tests made in the summ:‘:r of 1953 were 
,. /. : ,I Ii# 

analgsed. From them, a reasonable interpretationYcould be drawn,oU 
,.A 

ht.1 Qqdaih 
i ‘1 c. 

Vhf. With this in mind, 
*: all test cross ears that had been t 

fLod# IJwJw 
;a 
. . 

preoduced in the summer of 1951 were then carefully examined. The 
4 

$ 

and these w-re conductc:d 

considered, the evidence 

in the summer of 1954. Before these tests are 
'\' 

1 the .node of $ 

$r : J& rr_O jp D-i QA b!tr.+. El?/~~!pA 
operation of the independently located contolling element will be outlined, 

A 
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Due to unforseen conditions,the total planting during the summer of 

195'3 h:;d to be restricted, Space was available for only a frnctlon of the 

number of Plants usually grown in the summer season. For this reason, 

study of al m-1 was limited, pretTerence being given to other 

projects then under investigation. v%heSdecision ~H+W&J . . CA 

1+4 :*I 
to limit study of aim" 

\- 
was dictated by the fact that up to this time, 

PnvtoLuecl . many of the testc2ass ears m mfW+.p.nr.8-n the 

summer of 1951 had not yet been exaunined and M$tle was e known of the 

behavior of alm'l, &z&L 
!..gy -c.Gf 

It was decided, then, to ' its study to an 
~\~~Q+~~S ad 

examination of the position+ 
4 

of the independently located element in the 

system in the progeny obtained from plant 6047C-2 o&able 4)/and to 

of ke- nels 
the pllnts derived from the pale class/in the progeny of plant 6046C-4 . 

This latter plant had been derived from a variegated kenel on the self- 

pollinated ear of plant 5719A-1 (table 2). 
of plant 604&-$- 

A 
%~e constitution/was 

a1 m-1 Sh2/a~- h21 Y/Y, w'pd. iid The ear from which the pale k:-rnels were 
03 &:p, &jA\x . 

selected had been produced by self-pollinetion&& 
@IA dLt.5 &I.. 4tc W"4 

Y-~M.-&o 406 

uniformly 
3S/pble colored kcnels of which 

33 were Y and 2 were y and to 371 kernels that had deeply-pigmented spots 

in a colorless background and 267 of these we::e Y and 104 were y. Twenty 
d.d ule(cr L-1 cp,culfq tj& L.&w~C~; 3; ! ?i -j 

pale k::.rnels %,:ere selectAd from this ear and p&&.nts gl'orj~n from them under 
4 2 
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u,ap RJh. ‘0 6 

culture number 6628. . . 
CP ale ke::nels es 3&r , : 

WBS because the plant was homozygous for a, m-l and thus ee=& chro-nosomw 3 

should carry a derivitabe of al 
m-l 

1 . It was desired to examine the W *r 

Therefore the plants derived from the pale kernels were tested for this 
'x d! \ i$: J)4& i@ (, 4'& u :d 

by crosses with nlants homoFygous for a1,,'sh2 and y S ,','z\ L 
u&ii 

*j 'T?j ; : !,I& 4-Q -ifA 

r‘"- c 
4'pmd$@ pap&jJ& 

Plant 6047Cm2, t:rblcb, had the constitution d 
1 mg1 Sh2,$ Sh2 t v/p r, 

and Y/y. 
An ecr of this plant aPw 

%/had been crossed by me/that was B~mozygous for al, sh2, y 

. * % 
and haU&,in one chromosome 5; and pr in its homologue, The t:rpes of 

kernels appearing on the resulting ear, given in table 4, suggested that 

Llrur* 
plant 604-7C-2 h-d one ~GC&,IZ i%ependeu:tly ?ocated4elementg w 

tke% $ 
SW in HJUXF&&$S Y bearing chromosome and, in addition, two others locatei 

A 

elesewhox in the chromosome com:,lement. Ten keynels in the variegated, 

Y, Pr class and ten othrr in the variegat,d, y,Pr class were selected and 
&&,.- ? We r.1 rl y 

sown in the simmer of 1953 under culture number s 6629A and B, /All the 
4 

ears produced b::. tne plants derived 2'rom these kernels were used in crosses 

with plants that we?-e ho .:ozygous for al, sh2 and y. Two stocks we:re 

for t$.is,but their ccnstitution with resr,ect to the Pr alleles was not then 

knOWTl0 Tests conducted with them indicated that one sttock was Pr/Pr and 

of the tester stocks 
the other pr/pr. The need for knowning the constItutLc,q/w5t:. respect to 

&j p& &jjJj&~ 



will be evident shortly, & few ezs of plants in culture 6629 we:'e 
n 

either self-pollinated or sib crossed. 

The nhenotpes of kernels on the exi s of plants in culture 6629A, 

produced by the test cross, are enteled in table 5. Again, it will be 

between the kernels 
noted t-let the::e is very close linka,ce #f the 

carrying 60 

mx5I+xx& Sh2 marker and those exhibiting pigment, -h . . lx+% Y 

tid i&i& I ,.r? w&tz wti 
he position of the e<a:-. on -i-d+t plant isF&dicnted. It 3 11 be oted that on 4 * b 

W e:~rs of plants A-2, A-5, and A-8, and on the first ear of t'ile main 

stalk of{ lant A-7, tberln-r.ran QQ- L!k 

P 
a ratio of $ pale key,nel to $variegated kerne& 

'I/: ,-- r,t,d?4 
L ant::-!ocy.nin 3igment 

I among the m be:-iri.n~ classes, and that the -Dale nhenot;Tce was 1Lnked IZth 

Y whezfnieas the variegated pEhenot;:,?e was linked with y. To facilitate ready 

anpreciatrion of t,!is, the pI..e;lot;;pes of the pigment benring classes of kernel: 
,-. ti”CG 

'The &a?xhelof4kernel type.S)(&kered> 
on these ears are entored in table 6. 7 8n the remaining ears &?&ble 5', 

exhibited 

the wuhlbers 
are entered in 

a more re- dy a:;!>:reciation of 

than one inde endentl;-- located controlling element w::s present in,plants 

A-2, A-5 and A-8, Jr rJ$JJ$- Linkage of U pale W with Y x83 @zm&+ W 

tm 
-_ - 4-s-m&- on the ez ob+ -. s Cja.;ned from plant A-8 but on none of the 

other ears was thexae good evidence of this. The ratio of kernel tapes on 

the err p-educed by the tiller of plant A-7 t;as ve17y abe;*pant,:& &A~~ 4 
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variegated kc;-nels apne;~- ed among the tot&l of 112 that f;Zd anthoc;:-cnln in 
"11 a!. \ 

them. 
': .'\cla 

From the r-tioaof Sh2 to sh2 on this ear, it was clea:q that tP.e- e 
4 

d,'!d b of cultu.7e 6629, w the test cross with plants th:;t we- e homozT,-gous 

for al, sh2 and y, F e. I k. are entered in table 8. An ap!lroximate I()': $'ratio 

of pale to variegate-id kernels was 9- _ expressed on the e::rs m l, plants 
“c;dJ$4-Lai.mf4&L 

B-1, B-3, B-4, B-7, and B-10 and on &he first enr40f G-5, @n the remaizing 

10 ecrgwhose kernel types are entered in t:-lis table, other ratros of -2Lese 

two claas:.;s CpQa c; 
*I -$.@ 

of kernels were w . n several ;Fears 
(! 

, a class of kernels 

a>pec.rdd' .that e,xhibited a marlFed alteration in pnttern of variegation, 

The number of such kernels is indicated by an asterik. These ke;-.nels 

were colorless extent for or several very.; small dots that ex'-.:ibited 

the A1 phenotype. It will be noted, also, that on those ears in C.5 cl?. they 

1 .'I 
~~~xsGM&zu app.-:ared in a!;.-:-,ecioble numbc:rs, likewise ox?-ibited a 

ma;-ked increase in the propor.tion of the colorless Sh2 class of kernelz, 

As will be shown Inter, t:-:ese totally colorless, Sh2 ke:,,nels, with rare 

exceptions, belong with the v:-riegated class of ke:.anels. On a few or the 

ears lrhose ke-nel t;,Tes are ente:,ed in i:able 5, one 0:' seve:?al ke::nels 

exhibiting on1.y one or a Pery few small dots of the p1- t:,T::e pigr:lent likewise 
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were present but because the table 
Y 

t.:-er:r: not 

-. . indicated in it,and y of the;-1 was deferioed ?;ntil this time. 

(It $&k be &?%,$M nod however- , that stud@ of the progeny derived from 

-theme kernels hi& very decided modi?icat;i n of vaz-,iegz.tion expression 

revealed the Spm-r;r state of the Spm element and this iqill be considel;ed in 

1 
OLQPO Sk 

de "vail in sec%ion 00. It stiould be menticne thai:, the4 kernels 
& q-g12 ,!r?&r!/C *’ pfY@gz! Ice /JJcyuq&d 

. . . . exhibiting tMlf7v were not always randorr;lg 
", 4 

dist-ibuted over t??e ecr. Qn some ears, theg ITe:;e adjacentlp aligned, 

forming a cluster on the ezr. 

In addition to tile test crosses conducted with j:lants in cultul;?e $629 J 

alreadg described, an ear'of a tille- of plant 66298-2 and 6629A-4 tad-km+ 

";i p-Q4GtpT62-" 
self-pollinzted and pollen collected from th@ tiller h ::laced on the 

A 

silks of a tiller ear of ;c,lant 6629%2 and 6629B-6 . The rati. o:;.‘ k: :,,nel 

t;{Ees on the resulting ez?.rs need not be given here as t.'ey add little to the 

inforiration alrcad? . i-lowev: r, the phenot;fpes of some kernels among 

them served to illucidate the mode of operation of the inde;,-endentl:; located 

ele::lent and this will be discussed shortI:,- after* the test cross..s ;rith Tlants 1 

in cul-l;ure 66~8 are considered. 

As ment'oned earlier,page 00, the plnnts in cultu?:e 6628 t:e>:e de?-ived 

from the pale, Y, pr class of kernels on the self-pollinated e-:r of slant 
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*6C-4,which was homozygous for a 1 m-1, Sh2 and pr but hcterozygous fo:- the 

or not 
alleles of Y (Y/y). In or&der to loam whether/the derivatives of a m-l 

a 
1 

-1 
in each chromosome 3 would express the pale phencty!-e ant4in the s::.mme manner 

by each, these plants were crossed 3y plants homoz;::gous for al, sh2 and y. 

All gernels on t'ne r-:sulting ears xere unifor xly pigmelltcd and the: giaade of 

intensity of this was the same in all of them. some of the a 
,~~,&J'cenC &lJyJ % p&&&q a t&N6 61 sh2, Y 

t-plant s/\were w homozygous for Pr whoreas otl:er were homo7V:!gous for 

GWCQ &w?$J 
pro From compwisons of pigmnt type in kernels on ears produced by use of 

tlii.w&J 
4 

bhelse two tqqm of tester plant, it was c#em+y a:-pa?-ent that with Pr 

present, &&.E an intense anthocyanin pigmentation r..enred in the aleurone 

layer of the kernel, tk;t: t is present. 

the intensity of anthoc;.-anin pig::ent in p,+ fi&gMy lIu&M 
In contrast ,/t'nose that were homozygous for pr was much I?ees m 7 < 

/$$&ld LAjLiM.Q cYj-?pm 
wm with Al. 

WGJ-FJ distinguishing . The:e Xlleuld be no ~G&USW . . in B 

a- 
%e pale, pr, 

/k-CT ;i?.tJ( cm kQn/w4 m from t;ke Al,pr W. With t-is in mind, attention 

;a CJ;' DAm 
glTrPGto the note entered at the base of *table 5 and table 8, 

Here is given the number of kernels th.:t expressed &IS-E full A1 phenotype 

in the pr class. Those of this type in the Pr class could not 

* 
be distrnguished they are incl-c.ded in the 

pale classes in these tables. The fre xency of appearance of kernels 

with an Aj.phenot;Tpe is so low that inclusion f: of a few oi' them in the pale 



t&a 3 ; 
c 

In this regard, it may be mentioned here that in subsequent study 

Of aIrno it was often necessary to use anothr state of a1 m-l that gives 

rise to k mels exhibiting a,nale phenotype in both the purple (Pr) and 
A L . 1' 

1' 
, -4-c - i.2s.Q 

red (pr) classes, Vd!ily L&i bui,&bec 1-e r.,uL.F:Lb amd _ 
b 

c13sses nrodw1. 
4 > 

In examining the kernels on the ears derived Prom cross Of plants 

6629%2 and 6629B-6, which were y/y, by plant 6629s~ic, which was Y/y, some 

&I 
m iIkA&&mtc t&b deek~;-p~*~+ q& 

qvJ'< kernels that had se areELs exhibiting &pale pheu:ot;T-oe., 
4 

the pigment in 
In the Pr class,/these areas wase quit= intense. In the pr class, in 

Contrast, the pigment intensity in thepa F was arow; :,i~ghf?act, with 

h exhbitied 
respect to pigment mti, the pale areas/m similar Sm 

A 

intensities v as those expressed by the pale kernels in the Pr and 

on ears 
pr classes m/entered in tables 5 and 8, In plant 662911-4, one 

VbMG 
independently located controlling element was present and cerried in its 

n 
b y-bearing chroarsome, 

(ho- eu”“~@-~ 
4 w of crossing over, some of the Y carrl-ing 

gametes pl?oduced by this 711&t shou3zd have this element, and 

crosses wZth plants in 8629B, some kernels on the ri:sulti.ng ear should 

in the Y bearing chromosome, 
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Among the Y class of variegated kernels on this ear, several IEZZIEC s were 
l&A+ltrd* *oTd 

found that exhibited white starrch immediately benigh $ pale area, and the 
A 

cllrdweekl/s 
correspondence in tlneir borders was exact . ,J The:ae seemed little doubt that 

&&+J&& (QjQ/+& cLpwdLtit@J- ~~~~w& 
s associated with loss of the segment 

4 
-bearing 6 

of the p,,chrol-:osome/that removed both Y and the independently located 

controlling elexent. In other words 

variegated 

of the independently located controlling element)l' 
~~d,~~~\.~'~~,~~a.~‘~~ m&tcuM~b. 

MO attempt fas madea'to cros% plants df dulture'6629 to those of 

culture 6628,wh$ich were homozygous for a derivative of a m-l 
1 

and for pr, 

md Y, %nilar types of cross had been made in the summer of 1951 evkn 

though the ears derived from t'nem had not been examined. fiowever, on one 

ear of a plant of culture 6628, which had been used in a cross with a plant 

homozygous for al, sh2, y, and pr, a single variegated kernel was present. 

* @-4JJJqw w@-w~ 
It was a co&a&&u& in that U-&&,Pr and Y instead of pr and y. k 

A 
-36 $ncpQ . &bviouslv w+G$ee 

'4 from functioning of a stray poihh grain produced 

3 bJdl=Jbbkq~ 
by a plant in culture 6629A. The- plants were growing in the next row 

a 

and were immediatel:r adjacent to those in cu&ture 5628. Since this 

A-1 Fjib Aunt-w $2 tIJbo.&-pcL(I . 
kernel showed spots of deep pigment in a colorlessibackground <W a 

4 
it seemed evident that the independently located element 



in the almD1 systnm had a duel function. In its absence, al m-l 

functioned in the production of anthocyanin pigmentJalthough in a manner 

(r-h~&~ 
not w comparable to Al. In the presence of this element, all 

4 
. evidence of this W was suppressed. In its absence, ~&JFWJ& 

L.l!.hwm~d&&yi3\ # 
*, - ofat: rj?2.ug-& al 

m-l B 2, . no change 477 fi.:;m 

its presence, on the other hand, return to t&~ Al-t:: e 

e-n+-- in some cellA, &The time during development &en this 

change in mode of action occurred -4, and the number of cells in 
ikrt& 4.Q fvLwbd~~ vws\~WW%~ nqr?_r~-~*~~lolc~Q1Q-~ 

which this took place,was genetically controlled. '&;'&-:refrl examination of 

ears produced during the summer of 1951 was then immediately undertaked 

the mechanism associated with control of gene action 

at almW1 had been gained to allow meanin,gful interpretations to be drawn 

-m \ ,&tLudin(f, k+b'IsiLuj bw ,h ht$J ti k&b LG ' 
from W, Ba-.-e-*-.&--**-*e. These examinations 

substantiated the inter-oretation of the mode of op,-,ration of the 

independenti element and therefore this element was given the designation 
I?8 

Suppressor-mutator and s;:mbolized as &pm. Before considering the evidence 

obtained from these examinations, a resume will be given of the 1>esults 

so far obtained, the interpretatjons drawn from them, and the problems 

they posed, 



Studies outlined in this and the previous section wore conducted 

with the progony of oneplant, thnt of plant 5719A-1. In t.?is plant, 

the expression of % al m-1 
lo, carried in one of its chromosomes 3, 

was very different from that given by the parent plant having a m-l 
1' 

secticn ,, ' 
As stated in pEIp9cki 3 of tnis report,‘ 

J) h pJ& w p4!d 5-l '5% -4 
W,-iias considered %G h,-vz 

4 ' 
1 an altered 

2 'I 

state of alm-lj(I In plants having t:lis state and also Spm, small streaks 

with 
3 

~22 deep-anthocyanin pigmentation apzear in a non-pigmented background 

although occasionally, a large area exhibiting tl;i:: ;?henot;i:pe ma;T $ppear, 

. . In the kernel, small ~QQPZ~~~W deeply pigmented 

spots a?:?:c:?r in a non-piglxented b*,ckground (photo, ) altjzough, hC?re also, 
._ 

ancasionclly, a large area of t?:is type ap>::e::rs. The d-&&&Q 

phenot.;;pe$ W&G exhibited b- the kernel that gave rise to plant 5"719A-1, 

by @Be plant itself & &L Z~E+Q -: -I.. 
\ 

a!:,oenred in the majority of variegated 

@ .&JJm~Csb-~ 
plants and kernels in the progeny of i/t thnt\l;lp-Pe czrried through three 

-'Led lg&, 

generations. i-iowever, on some test cross ears produced by so'se of the 

progeny nlants, a few kerlnels a!-!:>ec:red that exhibited a marked deviation 

from this pattern. In them, the number of deeply-pigmented spots was 

very much reduced or none aploerred. Ho explanation for t11is had yet been 

found. Also, on a few ears produced by the test C:~OSS~ a key;nel 

exhibitin:the full Al-tJqTe pigmentation appeared. 
J The nature of the 
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change at a7 ml resnonsible for their an?lerrance *had not yet been 

In the absence of Spm, 

plants that were unifor-nly pIgmented but the intensity of this, and its 

LLb&JtiflaccLc a-idW-l~~$ RI, 
distribution within the plant dG%f&~& -L%Gw&&~~ cm ,^, - .u 

a GpT 

@&~&./The kernels were likewise pigmontedJ% the absence of Spm 

and this rigncnt was uniformly distributed over the aleurone lager 0.1: the 

From the ratio of pale to variegated korneis on the ears ?:roduced 

the 
by/test cross of -:lant 5719A-1 (C, table 2), and from the ratio of these 

W!&JfJ?d%I 
kernel t:;pes pn ears produced by test crosses of its progeny, it wes 

4 

concluded that plant 5719A-1 had at least three Spm ele::lents in it and 

that one of them i,fas loc:ited in its y bearing chro:losome. Howev":r, the 

number of t.!!i.s element in the progeny derived from a test cross did not 

altasyVs conform with that expected, and the test of plant 61~52-3, table 3, 

illustratest'.:is, It was expected to have one Spm elelnent but the ratio of 
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pale to variegated kenels deviated markedl:;; from the expected one to one. 

&J nau9 d ua poJ&* fimf4 pm, - - 
l .<> Also, ni types of test conducted m CL- sf --: 

ihe 

4 

CI . -tGp ratios/f luLdl* ', that did not agree)- one another. n 

This suggested that the Spm constitution in dif'f'eront parts of an 
@j&Jppdr,DWt 

individual plant 1% not &&ke. It was susl-:ected that these diff'orences 4 

arose from somatically occurring transnositton of Spm,but no tests of this 

had yet been conducted, 
qcjyj2 ca & o--pb-q~@lw\. 

As emphasized above, t&e interpretations of the w-e 
.2 I, 

W+FB drawn from evidence obained only from this one isolate of al m-l 

9J-Q -s&P- mmw*~* 
Others that ~IXL&UC& quite diffe:>ent @W-W+XM had been isolated It 

* t 

was therefore necessary/to determine to what degree the behavior of each of 

them wc:uld conform with the interpretaticn that had evolved from study of 

de w 
budone' 

d%P abl vJ&&&?4 

* /I* /\Tests had been conducted witl14tMm dur'ng the summer of 1951 

and when the ears produced by ther?e tests were examined, it was ralized 

&r-M 4j-J--4eqwy\gu ' o.en$& .-. 1-J ~,/@@&Jtl&h~Lyd 
that the interp~~etat-ion~~~_uld a;Tpl:T thithem. ZF j$t m4 m that , 

each isolate of a m-l 
1 J ori.gil=ally selected because of f&e modified 

cL4ab&&m 
variegation p:tternnit had exhibited, arose from some alteratron that had 

occurred to the orlg;-i-nal almol 
J 

and that each such alteration was r sponsS.ble 

for the ty:::e of variegation pattern exhibited in the presence of Spm and 



68 

also for the type of expression given in its absence. some of the 

LAO 
evidence for t-is maq now be reviewed, 

(?4kklh~auuceLw q,pb8te"p BLEW $* P@tf .,b . ' 
18. -*f L My= de of action ofSpm,W& 

. 

During the summer of 195'1, plants were grown from selected keynels 
C SX?)) 

on ears produced by cross- of the original a m-l 
1 carrying plant to those 

4 

that were hoaczggous for al. Fifty-two lants were derived from k::;rnels 

<E.&t 
4 exhibit- the uattern of varieg..tI.on by this, orig?-nal state of 

., I 

al m-1 (photo. 1. Seven were derived from kexels Ghose aleurone l:-tyer 

was uniformly pigmented, 
h 

'nf W+&, In addition, 

plants were grown frc'm two kernels I modified patt,:rn$ of 

F;u)' c- 
Variegation. One had very many smaljd~ snots in a colorless 4 

la*,;--de- - c . In addition, kr:r>nels were selected from 

Q-&.&cd !&A 4 ,^"- ' cg,m '&+f 
ears produced by crosses.' 4c33? some 0 f the.plants groxn in the greenhouse 

4 
43LJ 

during the winter of 1950-51, Selections were made froms4ear$ produced 
Q-$4) lw ,h.&U%u3tqk*i ri.8 

either by self-pollination or 
4 

by a cross wit.3 a plant homozpgous for al, 
4 lhForcp (20 !&fg&$. 
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Plant 5'7OOA, derived from a very pale colored kernel, developed 

intense anthocyanln pigment in stalk, leaf-s!le th, and glumeh.,, It'1 la% 
‘&.C% l&y3 

used in a CTOSS with a plant homozggous for a 1, & &I the resulting ear, 

half of the kernels were very pale colored and half we-ye colorless. 

'IL J.A.b.4+ ,- 
b i 4xL&#FM c-;x-:: ed a derivative of al m-l 

t 
that ha< been received from the 

4 
m-l p" '! !rlj&T u&4 3 

original a1 plant, in one ow cl~o :o~omeQ 3 and al in the other. ,/+ 

Plar?ts we3 growm from soxe of the pale k.x~ne3.s on ti:ic ear. 

From the self-pollinated ear of plant 571.8, some of the vzziegated 

w-Q-dbqT&u,, m 6wv!GLeo 43, n(l8-4 lJA&. w bt+fbpJcfl~--) 
ker-nels were selected and :,lanLs grown from them. Plant 5720, described 

4 

in section 3 , hzd a modified sta+,e of a m-l 
1 

i.n one *l-&z chro:‘iG so‘., e :I 3 

-&lo ?* ; q I I':-/] L[?s, p--i ':I? ;I- : :' I #,$#.& 
and al . -_ in the Other. 'W state p:-educe d both large and small r' 



(f@ ,u4&cBolp~“J i-looi?, 5lir., 5’11TA.y 5 v-g-1 
selected from ears produced by cross;s-'aioI.ants cc, 

ck~d 5-l 2L? , 
and the culture number 

+Qw 
given to the plants derived from each selection. 

Discussion wili co~~~~ence i.;itll tests conducted wit-r pl.ants derived 

h"J2 5 p &+b 
from selected ke:-.nels on the ear produced bp -Lb rl~x~s of =lant 5719A-2 

@&&6puxw.$a w 
4 

&+8a8 that was hornoz~~~igous for al. Plant 5719A-2 was alm"/al in 

(v2J-b-42~ 
constitution, Gn the e?r this cross produced, thers were 24 unifoxxly 

? 

pale colo::aed kernels, 
Al--ty"e 

250 kernels exhibiting dots of deep/color in a 

colorless bcckground, and 25'9 totall:? cclorless kernels. Among the 

variegated class of kcxels, some showed, in addition tc the deelolg- 

pigmented dots, arcas of light pigmentation, all oi' wZ:ich had the same 

hwd\l4 LI0tJue one of the 
grade of intensity. In a few kernels, ~S&LEUZ lightl;; pigmented r-reas wase 

1 

large, covering as much as an eighth of the area of the aliv. yone lager, 

Thefe was, hoxeve??, 
4&p &I.[ 

much variation in size of E3dL areas w%thin a si:?~;le 

kernel. Some of the ke_-nels exhibiting Ynese areFLs were seloctc-ci an2 the 

plants grown from them given culture number 6081A. 

The fre;:uency of apl2e:lirance of diffe-ent classes of key-nels on the ._ 
q $hx!d w CfdbiQ (PG%l~ m,vj . 

self-pollinated ears, 
,,Lt+mJ 0; -&4&q 

4 
on ears produced by,crosses 

4 
with giants ho~1:o~7g01;~s 
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appearing on ears -3roduced by 

similar types or' test conducted with the parent plant, 5'719A-2 (A, B, C, 
I 

~d+bVtl b-- Ok- 
table 2). Thex:e was a marked reduction in f-w- 

* I 
~J@&* c.3 + 

variegated c%&wM+H!& kernels and an equivalent incre:zse in I&& of w 
$Jgg@d &&$dh I - \hh & /tQ.r$&, lJ& l.lJfjc *; p$Y! &fa 

pale -. MfhW, gigment intensity was greater iJi?en Pr 
A 

d-m lI!khd-, 
was present than when . kiowever, the 

Pr-carrying kernels in the gale class could be distinguished readily from 

those that exhibited the full or near full A1 t:sr:e pigmentation. This is 

with*. 176 
in contrast to the pale, Pr class zqqz.~ahlcm produced b,state s 

dirficulties we:-e encountered in making this distinction, as 

described in the previous section, .- 

& 
@& h%!.oJ~%~~~~~d (~&#&m 

the ra<io-js,lm in table 19, 
qwL 

the m constitutior 

&JJLwW fl.& 
-is given in the last column, 'g&&s 

and A-8 had one Spm, 
4 whereas plant A-5 h,:zd two Spm elements located at 

14 
LL different position $ in the chro:~losome coilll;: enent, 
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clearly all of the variegated k->rnels on ears produced by? use of pollen 

I -q-SW 
of 32yjaaw:, . 7, Qg -slants on silks of plants homoaygous for al (C, table 10) 

4 

had, in addition to dots of Al-tTyoe pigment, areas of v-:rious sizes 

exhibiting the same grade of pale pigment that is present in the pale chhss 

of kernels. In other words, Close kernels were similar in pkienotype to 

the kernel from which each plant a:-ose. 

. . . u.e”R -srukl -I a&+.-j--.-- B L-+&g&&+ r. It was learned in the previous 

section that SUCh nale are,:s could be expected to appear if, for some 

reason, the Spm element (s) in them is lost from an endospe?m cell during 

(.,cn,~d\~\\2k, nog.FJ.chhm- pd 
develonmcnt of the kc:-nel, If one Spm element is prcsent, loss of it 

A 

from some cells at various stages in development would r .sult in the 

appearance of pale areas of vcrious sizes. If two Spm elei:lents were 

present, simultaneous loss of each or successive losses of themWwolyld be 

required in order that a pale area would appe:.r, Because the female 

pa::ent contribute two identical nuclei to the endosperm an? the male parent 

only one, the initial Spm number in the endospe-ms of variegated kernels, 
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entered in B of table 10, would be at least two whereas the initial Spm 

number in the majority of those produced by the cross of plants of A-2, 

A-4, and A-8 in C of this table would be but one. It was obvious from 

observations of ke-nel tyries derived from all crosser-s entered in table 10 

that a relation existed between the number of Spm elements in a kc:rnel and 

and 
tne frequency of apcearq,ncek the size range of pale areas in it. The 

Spm elements w,as being subjected to some t:)Te of modification but the nature 

of this was not discovered until later. 

From the same ear that produced t'ne kernels fromwhich the plants in 

6081A were derived, another variegated kernel was selected. It 

exhibited only the deeply-pigmented dots. 14 0 pale areas were present, 
Qx~lJQQM+nelecxpcR+ tlA&J)~tidoW/KC)urtiU-b@ 

2 Plant 6081B was grown from it. The types of kernels produced by self- 

h5 pollination and reciprocal crosses with plants homozygous for al, are 
..4 

entered in table 11, The rntio of kernel types on these ears suggest 

that this nlant had more than two Spm elements in it and these ratios 

conformed wit?) those obtained from the parent al m-1 plant, 5719A-2 (A, 

B, and C of table 2). It would appear, then, that selection of variegated 

ke:nels exhibiting pale areas of various sizes in addition to the dots 

with Al ty-oe pigment in them, is an effective method for selecting those 

kernels on an ear th:?t hcve only one or occasionally 2 Spm elements& dlQ4Y-4. 
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A test conducted with plants derived from variegated kernels on the self- 

pollinated ec?r of plant 5719A-2 did not negate this. 

From the self-pollinated ear of plant 5719A-2, variegated kernels 
d- 

~WtdQovlldp 
having m dots of Al 

3- 
were sown under culture number 6080C. There 4 fi s- 

was one variegat cd kernel on this ear that exhibited a number of pale areas- 

75 
in addition to the Al dots, The slant grown from it was given CUltU;?e 3 

-p 

number 6080B. 4 Reciprocal crosses of t'nis yslpnt to plants homozygous for 5 

al produced the kernel types entered in table 12, This plant proved to bz 
73 

* 

homozygous for the m 5719A-2 state of aIrno'. 
3 

From the ratio of kerneg 
A 

tpes on these ears, it may be concluded that plant 60EOB had only one Spm (z 3 

element in it. In contrast, among the seven plant in C of this culture 

that also were homozygous for this state of almW1, only one h:Ld a single 

Spm element in it,and%he ratio of kernel ty:-.:es appe,aring on ears ,-reduced 

23 by self-uollination of these plants and by reciprocal crosses of them with -.- 

d: 
plants hornozygous for al, given in A to C of table 13, indicate this. .g 

& 
Ei 

Tests conducted with some of the progeny derived from ,lant 5719A-1 i 
4 

were Liscusscd in previous sections. 't was obvLous from ti:em that plant 9 
2 

5719A-1 had more than one Spm element in its nuclei. Kernels derived 

the 



‘i R-1 
that exhibited some pale areas in addition to ti ~mall~spots W&S'- * .# 1- 

Three plants WSM derived from kenels of t3i.s 

two 
j! of these three plants one Spm 

MJ4zhtdpti~~M VvdJd L!rtJd p&& cq Lr 
was presentiand in the third, two Spm elements were present, as +-'%3°,~,~y, 

w bok6C ,i!(u CL+ci~-‘k?~,;~ 4 
. 

e. Again, it was noted'that the variegated kei-.nels 
-I Qp&l 

Y 
on ears entered in C of this table were characterized b- .the appeclrance of 

pale areas in addition to the Al spots, whereas these pa3e areas were 

rarely exhibited among the variegated class of ke::n(:els in B of this table. 

Variegated kfmels derived from the self-pollinated ear of plant 

5'718 (A, table 2) were sown under cultu:?e number 6045, Although 16 

kernels were sown, only 4 plants derived from them survived to maturity. 

Two of them were self-pollinated and crossed to plants homoz;:gous for a 
1' 

The tyne of kernels on the resulting ears are shown in A and B of table 15. 

The pattern of variegation produced b;tk-re 5718 state)of al 
4 

m-l is very 

sharplp expressed. 'There are small dots of the Al phenotype in a colorless 

background, as shown in photo 00. In the absence of Spm, t3.s state gives 

rise to kenels that are only very faintly- pigmented. Difficulty was 

encountered in detecting this pigment in so?:le kernels on t:Te ears enteiaed in 

. 7 * ---a4 table 15,s nf+l -- Y *-. Unless 

this nigment WELS undoubtedly present, the kernel was placed in the colorless 


